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SECTION  I 
BACKGROUND 

In  Che  past,  little  emphasis  has  been  placed  on  the  durability  and 

damage  tolerance  of  cast  aluminum  alloys  A201-T7  and  A357-T6.  However, 

several  systems  originated  requests  for  such  data  demonstrate  that  not 

only  are  aluminum  castings  being  used,  but  their  use  is  also  desired  in 

critical  applications  where  damage  tolerance  design  data  is  required. 

Both  the  aerospace  industry  and  the  Air  Force  are  aware  of  this 

data  need  which  must  be  filled  before  aerospace  structural  castings  can 

be  used  in  fracture  critical  applications.  Northrop  Corporation,  under 

Air  Force  contract,  developed  much  of  the  technology  and  data  base  to 

1-2 

get  cast  aluminum  data  into  MIL-HBK-5.  A  part  of  this  effort  in¬ 
volved  obtaining  castings  from  several  sources  and  developing  an  alumi¬ 
num  castings  data  base. 

As  part  of  this  program,  the  Systems  Support  Division  (AFWAL/MLSE) 

3 

conducted  fatigue  crack  growth  testing.  In  addition,  and  in  order  to 
generate  the  data  requested  by  the  System  Program  Offices,  elevated 
temperature  tests  were  added  to  the  program.  These  tests  included 
tensile,  plane  strain  fracture  toughness,  constant-lond-amplitude 
fatigue  crack  growth,  and  constant-load-amplitude-fatigue. 

This  report  contains  the  the  data  generated  for  A201-T7  and  A357-T6  at 


250°F  and  AG0°F. 


SECTION  II 


TEST  PROGRAM  AND  PROCEDURES 

A.  The  materials  evaluated  in  this  program  were  the  aluminum  casting 

alloys  A201-T7  and  A357-T6.  A201  is  an  aluminum-copper-silver  alloy  and 

A357  is  an  aluminum-silicon-magnesium  alloy  (Table  I) .  Both  alloys  have 
respectable  properties  and  are  commonly  used  in  aerospace  applications. 
For  this  program  teat  plates  were  cast  and  heat  treated  to  Mil-A-21180 
requirements  (Figure  1  and  Table  II) . 

The  A201  plates  were  x-ray  Grade  "B"  in  the  designated  areas  and 
x-ray  Grade  "C"  in  the  non-designated  areas.  Surface  penetrant 
inspection  revealed  no  linear  surface  defects,  and  attached  tensile 
coupons  confirmed  the  heat  treatment  with  tensile  values  of  60  ksl 
ultimate  tensile  strength  (UTS)  and  55  ksi  yield  tensile  strength  (YTS). 
Also,  the  minimum  plate  hardness  was  Rockwell  3  70,  and  the  minimum 
plate  conductivity  was  317!  IAC. 

The  A357  plates  were  also  x-ray  Grade  "B"  and  "C"  ir.  the  designated 
and  non-designated  areas,  respectively.  The  plate  had  no  linear  defects 
and  met  the  specified  tensile  requirements. 

B.  Test  specimens  were  excised  from  the  designated  areas  of  the 
castings  and  machined  to  the  dimensions  shown  in  Figures  2-4.  The 
thicknesses  (B) ,  for  both  the  fracture  toughness  and  the  fatigue  crack 
growth  specimens,  were  machined  as  thick  as  possible  while 
maintaining  the  required  surface  finish. 


**  -■ 


TABLF  I 

Average  Chemistries  of  Step  Flatus. 


a:ci-t7 

A357-T6 

Ccpper 

4.7 

0.01 

Silicon 

0.08 

6.87 

Iron 

0.04 

0.07 

Manganese 

0.3 

0.0! 

■  Zinc 

— 

0.01 

Magnesium 

0.3 

0.53 

Titanium 

0.24 

0.17 

Bervll  iv.m 

— 

0.02°* 

Si  lver 

0.45 

— 

Aluminum 

Balance 

Balance 

Slightly  lower  than  KTI,-?1180C  chemical  composition  limits. 
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OESIGNATEO  HIGH  STRESS  AREA 


Figure  1:  Step  plate  casting. 
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TABLE  II 
Heat  Treatments 


SUPPLIER  A201-T7 


A357-T6 


A 


B 


C 


-Solut ionize  §  940® F,  1  hr. 

9  960®?,  1  hr. 

9  980*7,  12  hra. 
-Hater  quench  9  room  temp. 
-Age  9  370*7.  5  hra. 


-Solutionize 


9  920*7,  2  hra. 

9  940*7,  2  hra. 

9  960*7,  2  hra. 

9  980*7,  18  hra. 


-Hater  quench  9  room  temp. 
-Age  9  310*7,  5  hra. 


D 


-Solutionize  9  1010®f,  12  hra. 
-Hater  quench  9  rotnm  temp. 

-Age  9  330*7,  5  hra. 

-Solutionize  9  1010*7,  16  hra. 
-Hater  quench  9  room  temp. 

-Age  9  340*7,  6  hra. 


O 
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Figure  2:  Tensile  test  specimen. 


(mm) 


Figure  3:  Fatigue  test  specimen 
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s  and  fatigue  crack  growth 


C.  The  test  procedures  are  briefly  described  s s  follovr: 

Tensile  tests  were  conducted  lr  accordance  with  ASTM  Test  Methods 
B  557  and  E  21.  Tests  were  performed  on  a  10  kip  Instron  tensile  test 
nachine  with  a  Conrad-Klsslmcr  environmental  chamber. 

Plane  strain  fracture  toughness  test  specimens  were  precracked  on  a 
?.?  kip  MTF  axial  electrohydraulic  fatigue  machine  and  then  pulled  on  !*. 
lip  tensile  test  machine  with  the  specimen  in  a  Conrad-Kissimer 
environmental  chamber.  Tests  were  governed  by  ASTM  Test  Method  E  399. 

Fatigue  crack  growth  specimens  were  tested  a t  outlined  In  ASTM  Test 
Method  E  647.  Tests  were  conducted  on  an  MTS  axial  tatigue  machine 
and  Conrad-Misslmer  convection  heating  chamber. 

Constant-load-smplitude  fatigue  tests  were  conducted  as  outlined  in 
ASTM  Test  Method  F  466.  Tests  were  conducted  on  a  kip  MTS  axial 
tatigue  machire  with  a  split  furnace  surrounding  the  spe  inter  end  grips. 

All  tests  were  conducted  in  ait  while  test  temperatures  w-ere  kept 
within  +  2.5°  F. 
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SECTION  III 

RESULTS  AND  DISCUSSION 


A.  Tensile  test  results  for  A201-T7  were  listed  In  Tables  III  and  IV. 
A201-T7  room  temperature  tensile  properties  for  the  step  plate  castings 
were  65.1  ksi  UTS, 60.0  ksi  YTS,  and  4.8Z  elongation.4  At  250*F,  A201-T7 
averaged  59.1  ksi  UTS,  54.6  kal  YTS  and  9.3Z  elongation.  At  400*F  the 
A201-T7  tensile  properties  were  47.2  ksi  UTS,  44.2  ksi  YTS,  and  11. 8Z 
elongation. Tensile  test  results  for  A357-T6  were  listed  In  Tables  V  and 
VI.  Room  temperature  tensile  properties  for  A357-T6  step  plate  castings 
were  of  48.8  ksi  UTS,  41.1  ksi  YTS,  and  5.6Z  elongation."*  At  250*F  the 
average  tensile  strength  decreased  to  43.3  ksi,  the  average  yield 
strength  dropped  slightly  to  39.3  ksi,  and  the  average  elongation 
Increased  to  10. 1Z.  At  400*F,  the  average  ultimate  strength  nearly 
equaled  the  average  yield  strength  at  35.8  and  35.3  ksi,  respectively. 
Also  the  elongation  dropped  off  from  10. 1Z  at  250“F  to  8.0Z  at  400*F. 

B.  Fracture  toughness  test  data  were  listed  in  Tables  VTI-X.  Of  the 

twenty  tests  conducted,  only  three  produced  valid  K^c  values.  A201-T7 

had  a  wider  range  of  values  than  A357-T6;  however,  three  of  the 

A201-T7  values  were  valid.  The  average  K^c  value  for  A201-T7  at  250eF 

was  22.3  ksi*7n  while  the  average  value  for  A201-T7  at  400°F  was  25.0 

Valuin'.  At  250#F  and  400®F,  the  average  values  for  A357-T6  were  22.5 

and  18.1  ksi/ln\  respectively.  It  was  noted  that  the  same  problems 

occurred  In  this  test  program  as  those  which  occurred  In  the  CAST 

Program.  Kjc  values  were  not  obtained  because  of  thickness,  crack 

length,  crack  curvature,  and/or  P  /P„  requirements.^ 

max 


ABLF  III  Tensile  Test  Results  for  A20I-T7  at  250*F 
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TABLE  V  Tensile  Test  Results  for  A357-T6  at  250*P 
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TABLE  VII  Fracture  Toughness  Test  Results  for  A201-T7  at  250*F 
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1  Violates  thickness  (B)  requirement 

2  Violates  crack  lenfth  (a)  requirement 


C.  Constant-load-amplitude  fatigue  data  vere  listed  in  Tables  XI-XIV 
and  plotted  in  Figures  5-7.  The  A201-T7  curves  were  fairly  smooth 
(Figures  5  and  7a)  and  were  in  good  agreement  with  data  generated  in 
earlier  investigations. ^  There  was  a  reduction  in  fatigue  life  for 
A201-T7  at  both  250*  and  400“F.  The  most  significant  reduction  occurred 
at  lives  greater  than  10^  cycles.  The  fatigue  endurance  limit  was 
approximately  14  ksi  for  A201-T7  at  both  temperatures. 

The  A357-T6  data  exhibited  more  scatter  than  the  A201-T7  data,  but 
for  the  most  part  the  A357-T6  fatigue  curves  were  fairly  smooth  (Figures 
6-7a).  At  1x10^  cycles  there  was  little  difference  between  the  A357-T6 
data  at  250“  and  400“F.  The  fatigue  endurance  limit  was  approximately 
14  ksi.  Although  a  room  temperature  data  plot  was  constructed  for 
A357-T6,  these  data  can  not  be  compared  because  of  the  different 

g 

specimen  configurations  and  R  ratios.  In  any  event,  A357-T6  has 
greater  fatigue  strength  at  250®  than  at  400“F  at  below  approximately 
4x10^  cycles.  At  lives  greater  than  IxlO6  cycles,  the  fatigue  strength 
at  both  temperatures  are  nearly  equal. 

D.  The  constant-load-amplitude  fatigue  crack  growth  rate  data  were 

tabulated  the  Appendix  and  plotted  in  Figures  8-11.  A201-T7  exhibited 

slightly  faster  growth  at  400“  than  at  250°F  at  the  lower  stress 

Intensity  ranges.  At  the  higher  levels  of  stress  intensity  range,  the 

crack  growth  rate  data  for  both  temperatures  was  nearly  the  same. 

Compared  to  other  data,  A201-T7  at  250°  and  400“F  had  lower  K  values 

c 

9 

than  room  temperature  data.  During  the  testing  of  A201-T7,  it  was 
noticed  that  there  was  good  agreement  between  the  automated  crack  length 
measurements  and  the  manual  measurements  at  250°F.  This  also  occurred 
at  400°F  for  specimen  2HC2,  but  most  attempts  at  400°F  to  measure  cracks 


automatically  failed  so  manual  measurements  were  made  instead. 

The  A357-T6  data  also  had  faster  crack,  grovth  rates  at  400°  than  250°F 
at  the  lower  ranges  of  stress  intensity.  Both  the  250*  and  400°F 
fatigue  crack  growth  rates  were  faster  than  at  room  temperature.*® 


TABLE  XI  Fatigue  Data  for  A201-T7  at  250*F,  R=0.1 


SPECIMEN 

MAXIMUM  STRESS 
(ksi) 

CYCLES 

2LF1 

18 

4.70x10"* 

2LF2 

40 

4.03xl04 

2LF3 

20 

3.88xl05 

2LF4 

— 

2LF5 

— 

2LF6 

30 

9.30xl04 

2LF7 

45 

1.30xl04 

2LF8 

52 

1.20xl04 

2LF9 

15 

1 . 60xl06 

2LF10 

25 

2.60xl05 

2LF11 

60 

l.lOxlO3 

2LF12* 

14 

1.05xl07 

2LF13 

35 

6.50xl04 

2LF14 

56 

8.10xl03 

*Runout 


TABLE  XIII  Fatigue  Data  for  A357-T6  at  250°F,  R-O.I 


SPECIMEN 

MAXIMUM  STRESS 
(ksi) 

CYCLES 

3LF1 

50 

2.00xl02 

3LF2 

40 

6.48xl04 

3LF3  . 

30 

4.63xl05 

3LF4 

45 

6.70xl03 

3LF5 

35 

3.93xl04 

3LF6 

25 

4.34xl05 

3LF7 

20 

1.37xl06 

3LF8* 

15 

l.OlxlO7 

3LF9 

17.5 

9.44xl05 

3LF10 

32 

2.45xl05 

3LF11 

‘  42 

5. 19xl04 

3LF12 

34 

1.38xl05 

3LFI3* 

16 

1.70xl07 

3LF14 

17 

5.69xl05 

* Run out 
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SPECIMEN 

MAXIMUM  STRESS 

(kill) 

CYCLES 

3HF1 

17 

5.17xl06 

:kf? 

20 

9.52xl05 

3HF3 

23 

2.01x10"* 

3KF4 

35 

5.44xl04 

3HF5 

40 

l.ClxlO4 

SHF  6 

45 

2.00xl02 

'X 

3HF7 

43 

2.00x10* 

3HF8 

41 

6.00xl02 

3HF9 

41 

5.80xl03 

3KF10 

16 

9.53x10* 

3HF11 

15 

6.44x10** 

3HF12 

15 

1.79xl07 

3HF13 

30 

6. 17x10* 

3HF14 


37 


1.06x10* 


CYCLES 


iH'irc*  r> 


A201-T7  Fat  Irui1  Data,  R=0.1,  (a)  2r>0°F,  (b)  A(1(1°I' 
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figure  7 : 

Combined  plots  of  fatigue  data,  (a) 

201-T7 ,  (b)  A357-T6 
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SECTION  IV 
CONCLUSIONS 

A.  Tensile  Properties 

1.  The  ultimate  tensile  and  yield  strength  of  A20I-T7  decreased 
slightly  at  250®F  and  decreased  markedly  at  400*F.  The  percent 
elongation  of  A201-T7  increases  as  temperature  increases. 

2.  The  ultimate  tensile  and  yield'  strengths  of  A357-T6  decrease 
with  increasing  temperature.  The  ultimate  strength  of  A357-T6  at  400®F 
Is  slightly  greater  than  the  yield  strength.  The  elongation  of  A357-T6 
increases,  then  decreases,  as  temperature  Increases. 

B.  Fracture  Toughness  Properties 

1.  The  average  for  A201-T7  at  250®P  is  22.3  ksi^U,  while  the 
average  of  A201-T7  at  400°F  is  25.0  ksi/Tn. 

2.  The  average  for  A357-T6  is  27.5  ksi /In  at  250#F  and  decreases 
to  18.1  ksl/ln  at  400®F. 

C.  Constant-Load-Amplitude  Fatigue  Properties 

1.  The  fatigue  strength  of  A201-T7  decreases  as  temperature 
increases  from  room  temperature  to  250®  to  400®F.  The  fatigue  endurance 
llmif  of  A201-T7  at  250®  and  400®F  is  approximately  equal  to  14  ksi. 

2.  The  fatigue  strength  of  A357-T6  decreases  as  temperature 
increases  form  250®  to  400®F.  The  fatigue  endurance  limit  is 
approximately  15  ksi  at  both  temperatures. 
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D.  Fatigue  Crack  Growth  Rate  Properties 

1.  The  fatigue  crack  growth  rate  of  A201-T7  increases  with 
Increasing  temperature  at  low  ranges  of  delta  K. 

2.  The  fatigue  crack  growth  rate  of  A357-T6  increases  with 
increasing  temperature  at  low  ranges  of  delta  R. 
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